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BACKGROUND OF THE INVENTION 

1 . FIELD OF THE INVENTION 

The invention relates to a bilateral Inira-aortic by- 
pass graft for intraluminal delivery, and a method and 
apparatus for repairing an abdominal aortic aneur- 
ysm. 

2. DESCRIPTION OF THE PRIOR ART 

An abdominal aortic aneurysm is a sac caused by 
an abnormal dilation of the wail of the aorta, a major 
artery of the body, as it passes through the abdomen. 
The abdomen is that portion of the body which lies be- 
tween the thorax and the pelvis. It contains a cavity, 
known as the abdominal cavity, separated by the dia- 
phragm from the thoracic cavity and lined with a ser- 
ous membrane, the peritoneum. The aorta Is the main 
trunk, or artery, from which the systemic arterial sys- 
tem proceeds. It arises from the left ventricle of the 
heart, passes upward, bends over and passes down 
through the thorax and through the abdomen to 
about the level of the fourth lumbar vertebra, where 
it divides into the two common iliac arteries. 

The aneurysm usually arises in the infrarenal 
portk>n of the arteriosderotically diseased aorta, for 
example, belowthe kidneys. When left untreated, the 
aneurysm will eventually cause rupture of the sac 
with ensuing fatal hemorrhaging in a very short time. 
High mortality associated with the rupture has led to 
the present state of the art and the transabdominal 
surgical repair of abdominal aortic aneurysms. Sur- 
gery involving the abdominal wail, however, Is a major 
undertaking with associated high risks. There Is con- 
siderable mortality and morbidity associated with this 
magnitude of surgical intervention, which in essence 
involves replacing the diseased and aneurysmal seg- 
ment of blood vessel with a prosthetic device which 
typically is a synthetic tube, or graft, usually fabricat- 
ed of either DACRON®. TEFLON®, or other suitable 
material. 

To perform the surgical procedure, requires ex- 
posure of the aorta through an abdominal incision, 
which can extend from the rib cage to the pubis. The 
aorta must be closed both above and below the 
aneurysm, so thatthe aneurysm can then be opened 
and the thrombus, or biood clot, and arteriosclerotic 
debris removed. Small arterial branches from the 
back wall of the aorta are tied off. The DACRON® 
tube, or graft, of approximately the same size of the 
normal aorta, is sutured in place, thereby replacing 
the aneurysm. Blood flow is then reestablished 
through the graft. It is necessary to move the intes- 
tines in order to get to the back wall of the abdomen 
prior to damping off the aorta. 

If the surgery is performed prior to rupturing of 
the abdominal aorta aneurysm, the survival rate of 



treated patients is markedly higher than if the surgery 
is performed after the aneurysm ruptures, although 
the mortality rate is still quits high. If the surgery is 
performed prior to the aneurysm rupturing, the mor- 

5 tality rate Is typically I ess than 5%. Conventional sur- 
gery performed after the rupture of the aneurysm is 
significantly higher, one study reporting a mortality 
rate of 66.7%. Although abdominal aortic aneurysms 
can be detected from routine examinattons, the pa- 

10 tientdoes not experience any pain from the oonditksn. 
Thus, if the patient is not receiving routine examina- 
tions, it is possible that the aneurysm will progress bo 
the rupture stage, wherein the mortality rates are sig- 
nificantly higher. 

15 Disadvantages associated with the conventional, 
prior art suiigery, in addition to the high nfK)rtality rate, 
are: the extended recovery period assodated with 
such surgery; difficulties in suturing the graft, or tube, 
to the aorta; the loss of the existing thrombosis to 

20 support and reinforce the graft; the unsuitabillty of 
the surgery for many patients having abdominal aort- 
tc aneurysms; and the problenw assodated with the 
performing the surgery on an emergency basis after 
the aneurysm has ruptured. As to the extent of recov- 

25 ery, a patient can expect to spend form 1 to 2 weeks 
in the hospital after the surgery, a major portion of 
which is spent in the intensh^e care unit, and a con- 
valescence period at home from 2 to 3 months, par- 
ticularly if the patient has other illness such as heart, 

30 lung, Ih^er, and/or kidney disease, in which case the 
hospital stay is also lengthened. Since the graft must 
be secured, or sutured, to the remaining portion of the 
aorta, it is many times difficult to perform the suturing 
step because of thrombosis present on the remaining 

35 portion of the aorta, and that remaining portion of the 
aorta wall may many times be friable, or easily crunv 
bled. 

Since the thrombosis is totally removed in the pri- 
or art surgery, the new graft does not have the ben- 

40 efit of the previously existing thrombosis therein, 
which could be utilized to support and reinforce the 
graft, were the graft to be able to be inserted within 
the existing thrombosis. Since many patients having 
abdominal aortic aneurysms have other chronic ill- 

45 nesses. such as heart, lung, liver, and/or kidney dis- 
ease, coupled with the fad that many of these pa- 
tients are older, the average age being approximately 
67 years okj. these patients are not ideal candidates 
for such surgery, which is considered major surgery. 

so Such patients have difficulties In surviving the oper- 
atton. Lastiy. once the aneurysm has ruptured, it is 
difficult to perform a conventional surgery on an ex- 
pedited basis because of the extent of the surgery. 
It has been previously proposed to repair abdonv 

55 inal aortic aneurysms by Intraluminal delivery of an 
aortic graft disposed upon a catheter, and securing 
the graft within the aorta by expansion and deforma- 
tion of an expandable defbrmable member associat- 



EP0 551 179 A1 



ed with the graft by expanding and inflating a portion 
of the catheter which contacts the tutxjlar member. 
Because of the relatively large diameter of the cath- 
eter and associated graft necessary fdr implantation 
within the aorta,-some difficulties* have been some- s 
times encountered, such as spasms associated with 
the access body vessel such as the femoral artery. 
Additional problems sometimes encountered vinth 
this method or repairing an abdominal aortic aneur- 
ysm have been kinking and/or twisting of the flexible, 10 
collapsible graft during and/or after implantation of 
the graft. 

Accordingly, prior to the developmentof the pres- 
ent invention, there has been no bilateral intra-aortic 
bypass graft for intraluminal delivery, or method and is 
apparatus for repairing an abdominal aortic aneur- 
ysm, which: does not have a relatively high morbidity 
and mortality rate; does not have an extended recov- 
ery period; does not require suturing the graft to the 
remaining aorta wall; permits the existing thrombosis 20 
therein to support and reinforce the graft; is suitable 
for older patients with chronic illnesses; is less sus- 
ceptible to kinking and/or twisting of the graft; and is 
able to use a smaller diameter delivery system. 
Therefore, the art has sought a bilateral intra-aortic 25 
bypass graft for intraluminal delivery, and method 
and apparatus for repairing an abdominal aortic 
aneurysm which Is believed to: not have a high mor- 
bidity and mortality rate; does not require an abdom- 
inal incision and general anesthesia; not require an 30 
extended recovery period; not require suturing the 
graft to the remaining aortic wall; permit the existing 
aortic wall and thrombosis therein to be retained to re- 
inforce and support the aortic graft; be suitable for pa- 
tients having other chronic illnesses; be less suscept- 35 
ibie to kinking and/or twisting of the graft and permit 
the use of a smaller diameter delivery system. 

SUMMARY OF THE INVENTION 

40 

In accordance with the inventk>n, the foregoing 
advantages have t>een achieved through the method 
and apparatus for bilateral inbB-aortc graft of the 
present invention. The method for repairing an ab- 
dominal aortic aneurysm in an aorta having two iliac 45 
arteries associated therewith may include the steps 
of: connecting a first tube to a first expandable and 
deformable, tubular member; connecting a second 
tube to a second expandable and deformable, tubular 
member; disposing the first tube and first tubular so 
member upon a f irst catheter, disposing the second 
tube and second tubular member upon a second cath- 
eter, each catheter having an expandable, inflatable 
portion with the tubular members disposed upon the 
expandable, inflatable portk>ns; intraluminally deliv- ss 
ering the first and second tubes, tubular members, 
and catheters to the aorta and disposing at least a 
portbn of each tube within the abdominal aortic 



aneurysm; and expanding the expandable, inflatable 
portion of each catheter to expand and deform the 
tubular memt>er3 to force the tubular members radi- 
ally outwardly into contact with the aorta and each 
other, to secure the tubular members and a least a 
portk)n of each tube within the aorta, whereby the 
tubes provide a bilateral fluid passageway through 
the abdominal aortic aneurysm. 

Another feature of the present invention may in- 
clude the step of simultaneously expanding the ex- 
pandable, Inflatable portions of each catheter. An ad- 
ditksnal feature of the present invention is that the first 
and second tubes may each have first and second 
ends, the first end of each tube being connected to a 
tubular member and being disposed within the aorta; 
and the second end of the first tube may be disposed 
within one of the iliac arteries, and the second end of 
the second end may be disposed within the other iliac 
artery. 

A further feature of the present Inventkm is that 
a third expandable and deformable, tubular member 
may be connected to the second end of the first tube; 
a fourth expandable and deformable, tubular member 
may be connected to the second end of the second 
tube; and the third and fourth tubular members are 
expanded and deformed to force the third and fourth 
tubular members radially outwardly into contact with 
an iliac artery by the expansion of the expandable, In- 
flatable portion of each catheter associated with each 
tube. Another feature of the present invention may in- 
clude the steps of forming each tube of a plurality of 
expandable and deformable, tubular members, each 
tubular member having a longitudinal axis, by aligning 
the plurality of tubular members with their longitudi- 
nal axes being substantially parallel with other, each 
tubular member being detached, and spaced apart, 
from adjacent tubular members; and embedding the 
plurality of tubular members within a layer of deform- 
able and expandable plastic material. The plastic ma- 
terial may be silicone, polytetrafluoroethylene, ex- 
panded polytetrafluoroethylene, or expanded pdyur- 
ethane. 

An additional feature of the present Invention 
may include the step of simultaneously expanding the 
expandable, inflatable portton of each catheter to si- 
multaneously expand and deform the first and sec- 
ond tubular memt>ers and the plurality of tubular 
members of each tube which are embedded in the de- 
formable and expandable plastic material. A further 
feature of the present inventton may include the step 
of connecting the first and second tubular members 
to the first and second tubes by embedding a portion 
of the second ends of the first and second tubular 
members in the deformable and expandable plastic 
material of the tube to which it is to be connected. 

Afurther feature of the present inventk>n may In- 
clude the steps o^ disposing a fifth expandable and 
deformable tubular member upon a third catheter 
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having an expandable, inflatable portion, with the 
fifth tubular member being disposed upon the ex- 
pandable, inflatable portion; inb^luminally delivering 
the fifth tubular member and third catheter tothe aor- 
ta; expanding the expandable, inflatable portion of s 
the third catheter to expand and deform the fifth tub- 
ular member to force the third tubular member radially 
outwardly into a connect with the aorta to secure the 
fifth tubular member within the aorta; the foregoing 
steps being conducted prior to the intraluminal deliv- fa 
ery of the first and second tubes, tubular members, 
and catheters, whereupon the simultaneous expan- 
sion of the expandable, inflatable portions of the first 
and second catheters, the first and second tubular 
members are expanded and deformed radially out- is 
wardly into connect with the fifth hjbular member and 
each other, to secure the first and second tubular 
members within the aorta and within the fifth tubular 
member. 

An additional feature of the present invention may 20 
include the steps of forming each tube of a plurality 
of expandable and deformable, tubular members, 
each tubular member having a longitudinal axis, by 
aligning the plurality of tubular members with their 
longitudinal axes being substantially parallel with 25 
other, each tubular member being spaced apart from 
adjacent tubular members with a single, flexible con- 
nector member being disposed between adjacent 
tubular members; and embedding the plurality of tub- 
ular members within a layer of deformable and ex- 30 
pandable plastic material. 

In accordance with the invention, the foregoing 
advantages have also been achieved through the 
present bilateral intra-aortic bypass graft for intralu- 
minal delivery to repair an abdominal aortic aneur- 35 
ysm in an aorta having two iliac arteries associated 
therewith. This aspect of the present invention in- 
cludes: a first tube having first and second ends and 
a wall surface disposed between the two ends, at 
least a portion of the first tube adapted to be disposed 40 
within the abdominal aortic aneurysm; a second tube 
having first and second ends and a wall surface dis- 
posed between the two ends, at least a portion of the 
second tube adapted to be disposed within the ab- 
dominal aortic aneurysm; and means for securing the 45 
first ends of the first and second tubes to the aorta, 
the securing means including first and second tubular 
members, each tubular member having first and sec- 
ond ends, the first tube being connected to the first 
tubular member and the second tube being connect- 60 
ed to the second tubular member, the tubular mem- 
bers having a first diameter which permits intralumi- 
nal delivery of t he tubular members and tubes into t he 
aorta and the tubular members having a second, ex- 
panded and deformed diameter, with at least a por- ss 
tion of the first and second tubular members in an 
abutting relationship, upon the application from the 
interior of the tubular members of a radially, outwardly 



extending force, the second diameter being variable 
and dependent upon the aniount of force applied to 
the tubular member, whereby the tubular members 
may be expanded and deformed to secure the first 
ends of the tubular members to the aorta and a bilat- 
eral fluid passageway is formed within the abdominal 
aorta aneurysm. 

Another feature of the present Invention is that at 
least a portion of the first and second tubes are in an 
abutting relationship with each other when the first 
and second tubular members have their second, ex- 
panded and deformed diameter. An additional feature 
of the present invention is that a third expandable and 
deformable tubular member may be connected to the 
second end of the first tube; a fourth expandable and 
deformable tubular member may be connected to the 
second end of the second tube; and the third and 
fourth tubular members may be expanded and de- 
formed to force the third and fourth tubular members 
radially outwardly Into contact with an iliac artery by 
the expansion of the expandable, inflatable portion of 
each catheter associated with each tube. 

A further feature of the present Invention is that 
each tube may be formed of a plurality of expandable 
and deformable, tubular members, each tubular 
member having a longitudinal axis, the plurality of 
tubular members being aligned with their longitudinal 
axes being substantially parallel with each other, 
each tubular member being detached, and spaced 
apart, from adjacent tubular members; and the plur- 
ality of tubular members may be embedded with a lay- 
er of a deformable and expandable plastic material. 
The plastic material may be silicone, pdytetrafluoro- 
ethylene, expanded polytetrafluoroethyiene, or ex- 
panded polyurethane. 

Another feature of the present invention is that 
the first and second tubular members may be con- 
nected to the first and second tubes by embedding a 
portion of the second ends of the first and second tub- 
ular members in the deformable and expandable 
plastic of the tube to which it Is to be connected. 

An additional feature of the present invention is 
that each tube may be formed of a plurality of expand- 
able, and deformable tubular members, each tubular 
member having a longitudinal axis with a plurality of 
tubular members being aligned with their longitudinal 
axes being substantially parallel with each other, 
each tubular member being spaced apart from adja- 
cent tubular members with a single, flexible connec- 
tor member being disposed between adjacent tubular 
members; and the plurality of tubular members may 
be embedded within a layer of a deformable and ex- 
pandable material. A further feature of the present in- 
vention is that the first and second tubular members 
may be connected to the first and second tubes by 
embedding a portion of the second ends of the first 
and second tubular members in the deformable and 
expandable plastic material of the tube to which it is 
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to be connected. 

In accordance with the- present invention, the 
foregoing advantages have also been achieved 
through the present apparatus for repairing an ab- 
dominal aortic aneurysm in an aorta having two iliac 
arteries assodated therewith. The present invention 
includes: first and second tubes, each tube having 
first and second ends and a wall surface disposed be- 
tween the two ends; first and second expandable and 
deformaUe tubular members, each expandable and 
deformaUe tubular members having first and second 
ends and a smooth outer wall surface disposed be- 
tween the first and second ends, the first end of a 
tube being secured to a second end of a tubular mem- 
ber, the expansion and deformation of the tubular 
members being controllable; and two catheters, each 
catheter having an expandable, inflatable portion as- 
sociated therewith, the tubular members being re- 
leasably mounted upon the inflatable portion of each 
catheter, whereby upon inflation of the expandable, 
inflatable portion of each catheter, the tubular mem- 
bers are forced radially and outwardly into contact 
with the aorta and each other to remain secured 
thereto, whereby the tubes, secured to the tubular 
members, provide a bilateral passageway through 
the abdominal aortic aneurysm. 

A further feature of the present invention is that 
each tube may be formed of a plurality of expandable 
and deformable, hjbular members, each tubular 
member having a longitudinal axis, the plurality of 
tubular members being aligned with their longitudinal 
axes being substantially parallel with each other, 
each tubular member being detached, and spaced 
apart, from adjacent tubular members; and the plur- 
ality of tubular members may be embedded within a 
layer of a deformable and expandable plastic materi- 
al. An additional feature of the present invention is 
that the expandable, inflatable portion of each cath- 
eter may extend along a portion of the length of each 
catheter a distance greater than the combined length 
of each tube and tubular member, whereby upon ex- 
pansion and inflation of each expandable, inflatable 
portion of each catheter, each tubular member and its 
connected tube are simultaneously expanded. 

The bilateral intra-aortic bypass graft for intralu- 
minal delivery, and method and apparatus for repair- 
ing an abdominal aortic aneurysm of the present in- 
vention, when compared to previously proposed prior 
art grafts and methods and apparatus for repairing 
aneurysms, are believed to have the advantages of: 
a lower mortality rate; shortened recovery periods; 
not requiring suturing a graft to the aorta; utilizing the 
existing aortic wall and thrombosis therein to support 
and reinforce the aortic graft; being suitable for use 
with patients having other chronic illnesses; being 
less susceptible to kinking and/or twisting of the graft 
and permitting the use ctf a small diameter delivery 
system. 



BRIEF DESCRIPTION OF THE DRAWINGS 
In the drawings: 

FIO. 1 is a partial cross-sectional view of an ab- 
5 dominal aortic aneurysm in the process of being 
repaired in accordance with the present inven- 
tion; 

FIG. 2 is partial cross-sectional view of an aorta, 
abdominal aortic aneurysm, and Oiac aneurysm, 

10 In the process of being repaired In accordance 
with the present invention; 
FIG. 3 is a partial cross-sectional view of a por- 
tion of the aorta of FIG. 1, illustrating a tubular 
member in the process of being expanded within 

15 the aorta; 

FIG. 4 is a partial cross-sectional view of the aor- 
ta of FIG. 3, iliusbiating a tubular member being 
fully expanded; 

FIG. 5 is a partial cross-sectk^nal view of the ab- 
20 dominal aortic aneurysm of FIG. 2, illustrating the 
expansion of the bilateral intra-aortic bypass 
graft of the present invention: 
FIG. 6 is a cross-sectional view taken along line 

6- 6 of FIG. 5; 

25 FIG. 7 is a cross-sectional view taken along line 

7- 7 of FIG. 5; and 

FIG. 8 Is a cross-sectional view taken along line 

8- 8 of RG. 5 

FIG. 9 is a perspective view of a portion of a tube 
30 which forms a part of the bilateral Intra-aortic by- 
pass graft of the present invention; 
FIG. lOAis a partial, perspective view of a portion 
of the bilateral intra-aortic bypass graft of the 
present invention; 
35 FIG. 1 0B is a partial, perspective view of a portion 
of the bilateral Intra-aortic bypass graft of the 
present invention; 

FIG. 11 is e partial cross-sectional view of the 
aorta and abdominal aortic aneurysm of FIG. 2. 
40 illustrating the bilateral intra-aortic bypass graft 
of the present invention in place in the aorta and 
abdominal aneurysm; 

FIG. 12 is a cross-sectional view taken along line 

12- 12 of FIG. 11; 

45 FIG. 1 3 is a cross-sectional view taken along line 

13- 13 of FIG. 11; 

FIG. 14 Is a cross-sectional view taken along line 

14- 14 of FIG. 11; 

FIG. 15 is a partial cross-sectional view of an- 
50 other embodiment of a bilateral intra-aortic by- 
pass graft of the present Invention; 
While the invention will be described in connec- 
tion with the preferred embodiment, it will be under- 
stood that it is not Intended to limit the invention to 
55 that embodiment On the contrary, it is intended to 
cover all alternatives, modifications, and equivalents, 
as nnay be Included within the spirit and scope of the 
invention as defined by the appended dalms. 
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DETAILED DESCRIPTION OF THE iNVENTION 

In FIGS. 1, 2, 5 a bSateral Intra-aortic bypass 
graft 1 50 for Intraluminal delivery to repair an abdom- 
inal aortic aneurysm 151 In an aorta 152 having two 
iliac arteries 1 53L, 153R associated therewith is illu- 
strated. Bilateral intra-aortic bypass graft 150, as well 
as other grafts to be hereinafter described, could also 
be utilized in the thoracic aorta, and can be used to 
repair thoracic aneurysms or thoracic dissecting 
aneurysms. Accordingly, use of the term 'aortic 
aneurysm" in this specification and claims is intended 
to relate to and mean both abdominal aortic aneur- 
ysms and thoracic aneurysms. Aneurysm 151 in- 
cludes areas of thrombosis 154, which are disposed 
against the interior wait surface 155 of aorta 152. 
Blood flows through the aorta in the direction of ar- 
rows 156. Associated with aorta 152, above aneur- 
ysm 151. are a plurality of renal arteries 157, in fluid 
communication with aorta 152. 

With reference to FIGS. 1, 5, and 11, bypass graft 
150 is seen to generally comprise: a first tube 160A 
having first and second ends 161 A, 162A and wall 
surface 163A disposed between the two ends 161 A, 
162A. at least a portion of the tube 160A adapted to 
be disposed within the aneurysm 1 51 ; a second tube 
1608 having first and second ends 1618, 1628 and 
a wall surface 1 638 disposed between the two ends 
1 618, 1628, at least a portion of the tube 1608 adapt- 
ed to be disposed within the aneurysm 151; and 
means for securing 165 the first ends 161A, 1618 of 
the first and seoond tubes 160A, 1608 to the aorta 
152, the securing means Including first and second 
tubular members 166A, 1668. each tubular member 
166A, 1668 having first and second ends 167 A, 
1678, 168A, 1688, the first tube 160Abelng connect- 
ed to the first tubular member 166A, and the second 
tube 1608 being connected to the second tubular 
member 1668. It should be noted that like reference 
numerals are utilized throughout this Detailed De- 
scription of the Invention, with different letter sub- 
scripts to identify components of the present Inven- 
tion which are identical in construction to each other, 
in that many components of the present invention are 
a mirror image of adjacent components. 

Still with reference to FIGS. 1, 5, and 11, prefer- 
ably, the tubular members 166A, 1668, of securing 
means 165 have a first diameter D (FIGS. 1 and 2), 
which permits intraluminal delivery of the tubular 
members 166A, 1668 into the aorta 152. Upon the 
application from the Interior of the tubular members 
166A. 1668 of a radially, outwardly extending force, 
as will be hereinafter described in greater detail, the 
tubular members 166A, 1668, have a second, ex- 
panded and deformed diameter 0' (FIGS. 5 and 11), 
the second diameter D' being variable and dependent 
upon the anfK)unt of force applied to the tubular mem- 
bers 166A, 1668, whereby the tubular members 



166A, 166B. may be expanded and deformed to se- 
cure the first ends 167A, 1678 of the tubular menv 
bers 166A, 1668 to the aorta 152, and a bilateral pas- 
sageway 200 (is formed within the abdominal aortic 

5 aneurysm 1 51 ) by passageways 1 91 A, 1 91 8 extend- 
ing through the tubular members 166 and tubes 160. 
Preferably, as seen in FIGS. 5 and 11 , at least a por- 
tion of the first and second tubes 160A. 1608 is in an 
abutting relattonship, the abutting portions of the first 

10 and second tubes 160A, 1608, being generally dis- 
posed toward the upper ends 161A, 1618 of tubes 
160A, 1608, whereby bilateral intra-aortic bypass 
graft 150, after implantation within aorta 152 and 
aneurysm 151, generally has an inverted Y-shaped 

15 configuration, as illustrated in FIGS. 5 and 11. Addi- 
tionally, after tubular members 166A, 1668 have 
been expanded and have their second, expanded 
and deformed diameter D', at leasts portion, and pre- 
ferably all of, the first and second tubular members 

20 166A, 1668, are in an abutting relationship, as seen 
in FIGS. 5 and 11, 

With reference to FIG. 1, each tubular member 
166A, 1668 preferably has a smooth outer wait sur- 
face 16gA, 1698 disposed between its first and sec- 

25 ond ends 167A. 167B. IBSA. 1688. W^ll surfaces 
169A, 1698. preferably have a substantially uniform 
thickness with a plurality of slots 173 formed therein, 
the slots 173 being disposed substantially parallel to 
the longitudinal axes of the tubular members 166A, 

30 1 668. It has been found that one type of tubular menv 
ber 166, which is particularly useful as securing 
means 165 are the expandable Intraluminal grafts 
disclosed in U.S. Patent No. 4,733,665, issued March 
29, 1988; U.S. Patent No. 4,739,762. Issued April 26. 

35 1 988; and U.S. Patent No. 4,776,337, issued October 
11, 1988, all of the foregoing patents being in the 
name of Julio C. Palmaz, and assigned to Expandable 
Grafts Partnership. Each of these patents is incorpo- 
rated herein by reference. Other tubular members 

40 1 66 could be utilized as securing means 1 65, provid- 
ed they have the ability to be controllably expanded 
and deformed from the first diameter D, which per- 
mits intraluminal delivery of securing means 165, to 
the seoond expanded and deformed diameter D', in 

45 Older to secure the tubular members 1 66A, 1 668, and 
their connected tubes 160A, 1608 within aorta 152. 

With reference to FIGS. 1 and 11. tubes 160A, 
1608 preferably have a generally, circular cross- 
sectional configuration, and tubes 160A, 1608 made 

so be made from a variety of materials, provided they 
have the requisite strength characteristics to be util- 
ized as a bypass graft 150, as well as have the requi- 
site compatibility with the human body in order to be 
used as a graft, or implant material, without t>eing re- 

55 jectsd by the patient's body. Examples fbr such ma- 
terials are DACRON® and other polyester materials, 
TEFLON® (polytetrafluoroethylene). TEFLON® 
coated DACRON®. porous pdyurethane, silicone. 



6 



11 



EP0 551 179 A1 



12 



expanded polytetrafluoroethylene, and expanded 
polyurethane. It is preferred that all of the foregoing 
materials be porous to allow for an intimal layer to 
form on the tubes 1 60. Additionally, tubes 1 60A, 1 60B 
can be made by the replamineform replicated life 5 
forms process, vy^ich is a method for fabricating uni- 
formly microporous materials from marine skeletal 
structures. The foregoing described fabric materials 
can be knitted or woven, and can be warp or weft knit- 
ted. If tlie material is warp knitted, it may be provided io 
with a velour, or towel like surface, which speeds up 
dotting of blood which contacts tubes 160A, 160B in 
order to Increase the attachment, or integration, of 
tubas 160A, 160B to aorta 152, or to assist the inte- 
gration of tubes 160A, 160B to the tlirombosis 154. is 
Tubes 160 A, 160B can also be made of a bio-erod- 
ible , or degradable material, such as albumin or col- 
lagen or a collagen coated material. A tube 160 which 
is bio-erodible, would erode and dissolve, ordegrade, 
over a period of time; however, it is believed t hat a lay- 20 
er of endothelium, or skin, will grow as the tubes 
1 60A, 160B erode, the new layers of endothelium, or 
skin, provide a new, fluid impervious lining within 
aneurysm 151 . In some procedures, it might be desir- 
able to make tubes 1 60A 1 60B of a fluid impervious 25 
material. Additionally, tubes 160A. 160B. as well se- 
curing means 165, or tubular members 166A, 166B, 
couid have a coating of a bk>loglcaily inert material, 
such as TEFLON® or porous polyurethane. 

If any of the foregoing described materials are 30 
used for the manufacture of tubes 160A 160B, the 
first ends 161A, 161B of tubes 160A, 160B may be 
connected to the second ends 168A, 168B of the tub- 
ular members 166A 166B, as by a plurality of conven- 
tional sutures of polypropylene, DACRON®, or any 35 
other suitable material. Preferably, the ends 161A, 
1 61 B of tu bes 1 60A, 1 60 B overlap and cover t he sec- 
ond ends 168A, 168B of tubular members 166A, 
166B. such overlapping being approximately 50% of 
thelength of tubular 166A, 166B. Theflrstends 161A, 40 
1 61 B of tubes 1 60A, 1 60B, which overiap the second 
ends 1 68A, 1 68B of tubular members 166A, 1 66B, are 
preferably constructed so that they are radially ex- 
pandable, whereby the first ends 1 6 1 A. 1 81 B of tubes 
1 60A, 1 60B can conform wit h t he second, expanded 45 
and deformed diameter of the seoond ends 1 68A, 
168B of the tubular members 16GA, 166B. If tubes 
1 60A, 1 60B are woven, the weave of the materials at 
its first ends 161 A 161B Is looser, so that the desired 
radial expansion can be obtained. The intermediate so 
porttons 171A 171B (RG. 11) of tubes 160A 160B 
disposed between first and second ends 161A. 161B, 
162A. 162B thereof, are preferably noi substantially 
radiaOy expandable when tubes 160A, 160B are man- 
ufactured from t he foregoing described fabric, or fab- 55 
riclike, materials. 

With reference to FIGS. 9. lOAand 10B, another 
embodiment of tubes 160 of bypass graft 150 are 9- 



lustrated. Each tube 160A. 160B is preferably formed 
of a plurality of expandable and deformable, tubular 
membere 201 . Each tubular member 201 has a long- 
itudinal axis, with a plurality of tubular members 201 
being aligned with their longitudinal axes being sub- 
stantially parallel with each other, as illustrated by 
center line 202. Each tubular member 201 is detach- 
ed, and spaced apart, firom adjacent tubular members 
201. Tubular members 201 are of the same construc- 
tion of tubular members 166 previously described, 
however, the length of tubular members 201 and 
number of slots 173 extending along the length of 
each tubular member 201 may be varied depending 
upon the total length of tube 160. After the plurality 
of tubular members 201 have been aligned as illu- 
strated in FIG. 9, with tubular members 201 being dis- 
posed with their f iret unexpended diameter D which 
permits intraluminal delivery of the tubular membere 
201, the plurality of tubular members 201 are dis- 
posed in a suitable, oonventk^nal jig, die, or mold. The 
plurality of tubular members 201 are then embedded 
within a layer 202 of a deformable and expandable 
plastic n^aterial, such embedding being carried out 
through use of any conventional molding process. 
The plastic material may be silicone, polytetrafluoro- 
ethylene, expanded polytetrafluoroethylene. ex- 
panded polyurethane, or any other plastic material 
have the requisite strength characteristics to be util- 
ized as a bypass graft, as well as have the requisite 
compatibility with the human body in order to be used 
as a graft, or implant material, without being rejected 
by the patient's body, as well as have the ability to ex- 
pand as tubular membere 201 are expanded, as will 
be hereinafter described, and be able to maintain the 
expanded configuration when tubular membere 201 
have a seoond, expanded and deformed diameter 
D' as illustrated in FIG. 10A. 

The resulting tube 180, after the plurality of tub- 
ular membere 201 have been embedded within the 
layer 202 of plastic material, is a tube 160 having a 
substantially smooth inner and outer surface 203, 
204 formed by the layer 202 of plastic material in 
which tubular membere 201 are embedded. It is be- 
lieved that such tubes 160 wOl be substantially non- 
collapsible end not subject to kinking and/or twisting 
upon being implanted. 

Tube 160 of FIG. 10A may be connected to the 
second end 168 of tubular member 166 in the manner 
previously described, such as by a plurality of con- 
ventional sutures; however, preferably the flret and 
second tubular membere 166A, 166B are connected 
to the firet and second tubes 160 A 160B by embed- 
ding a portion of the second ends leSA. 168B of the 
firet and second tubular membere 160A 160B In the 
plastk: nrtatsrial 202 of the tube 160 to whteh tubular 
membere 166A 166B are to be connected, as illu- 
strated in FIG. 10B. As seen in FIG. 10B, the upper 
end 167, or leading edge, of tubular member 166 Is 
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exposed for direct contact with aorta 152 and its ad- 
jacent tubular member 166. as illustrated in FIGS. 
10B, 5, and 11. The lower end 168, or trailing edge, 
of tubular member 166 being embedded within the 
layer 202 of plastic material, and spaced apart, and 5 
detached from the uppermost tubular member 201, 
as illustrated in FIG. 10A. 

Still with reference to FIG. 9, alternath^ely each 
tubular member 201 may be spaced apart from adja- 
cent tubular members 201 and connected by a single, io 
flexible connector member 205, two such flexible 
connector members being illustrated, and the plural- 
ity of connected tubular members 201 ara then em- 
bedded within the layer 202 of the deformable and 
plastic material. It is believed that one type of flexible is 
connector member which may be particularly useful 
as connector members 205 are those illusb^ted in 
U.S. Patent Application Serial No. 174,246, filed 
March 28, 1988, and U.S. Patent Application Serial 
No. 657.296, filed February 19, 1991, both of these 20 
application being assigned to Expandable Grafts 
Partnership. Each of these applications Is incorporat- 
ed herein by reference. Other connector members 
205 could be utilized, provided they have the ability 
to permit tubes 160 of FIGS. 10A and 10B, to be im- 25 
planted as will be hereinafter described in greater de- 
tail, and to be intraluminally delivered to the aorta 1 52 
which would require tube 160 to be flexible and capa- 
ble of bending and flexing so as to negotiate through 
the curved veins, arteries, and/or body passageways so 
toward the aorta 152. 

With reference to FIG. 15, another embodiment 
of bilateral intra-aortic bypass graft 150 is illustrated. 
Graft 51 ' includes nneans for securing 192 the lower 
ends 162A, 162B of tubes 160A, 160B to the two iliac 35 
arteries 153. Securing means 192 preferably includes 
a third expandable and deformable tubular member 
166A* connected to the second end 162 of the first 
tube 160A, and a fourth expandable and deformable, 
tubular member 166B' connected to the second end 40 
162B of the second tube 160A Preferably, third and 
fourth members 166A', 166B'arB of the same type of 
construction as those used for securing nreans 165, 
or tubular members 1 66A, 1 66B. Third and fourth tub- 
ular members 166A'. 166B' may be connected to the 45 
lower ends 162A. 162B of tubes 160A, 160B, as by 
means of sutures, previouslydescnbed, when tubes 
160A, 160B are of fabric, or similar construction, as 
previously described. Alternatively, if tubes 160A, 
1 60B , have the construction as illustrated in FIGS. 9, so 
10A, and 10B. third and fourth tubular members 
166A', 166B' may be also connected as by conven- 
tional sutures, as previously described, or preferably 
may be secured to the lower ends 162A, 162B of 
tubes 160A 1 608. by embedding a portion of the first 55 
ends 167A, 167B of tubular members 166A', 166B' in 
the deformable and expandable plastic material 202 
disposed at the second ends 162A, 162B of tubes 



160A, 160B as previously described in connection 
with FIG. 10B. As will be hereinafter described In fur- 
ther detail, securing means 192, or third orfourth tut>- 
ular members 166A, 166B\ may be expanded and 
deformed In the same manner as securing means 
165 to force the third and fourth tubular members 
166A', 166B' into contact with an iliac artery, 153L, 
1 53R. Although the flow of pumped blood downward- 
ly through aorta 152 and into iliac arteries 153L, 153R 
is believed to provide enough pressure to maintain bi- 
lateral passageways 191 A, 191B, formed by hjbes 
160A, 160B, in their desired positions within iliac ar- 
teries 153L, 153R, as Illustrated in FIGS. 11 and 15, . 
there is a slight negative vacuum pressure compo- 
nent associated with the pumping pressure, whereby 
the securing means 192 might be required. Securing 
means 192 also serves to ensure no movement of 
passageways 191A, 191B, caused by a person's 
body movements. 

With reference to FIGS. 1, 2, and 5, the method 
and apparatus for repairing an abdominal aortic 
aneurysm of the present invention will be described. 
Apparatus 180 for repairing an abdominal aortic 
aneurysm 151 generally comprises: first and second 
tubes 160A, 160B and first and second expandable 
and deformable tubular members 166A, 166B, hibu- 
lar members 166 and tubes 160 being constructed as 
previously described; and two catheters 181 A, 181B, 
each catheter have an expandable, inflatable portion 
182A, 182B, or balloon 183 associated therewith and 
a nosepiece 184. The tubular members 166 A, 166B 
aie releasably mounted to the inflatable portion 182 
of each catheter 181, in any suitable fashion, whereby 
upon inflation of the expandable, Inflatable portion 
182 of each catheter 1 81 A. 181 B. the tubular menv 
bers 166A, 166B ara forced radially outwardly into 
contact with the aorta 152 and with each other to re- 
main secured to aorta 152, whereby the tubes 160A, 
160B, secured to the tubular members 166A, 166B, 
provide a bilateral passageway 200, or bilateral pas- 
sageways 191A, 191B (RGS. 11 and 15) through the 
abdominal aortic aneurysm 151. 

The apparatus 180 for repairing the abdominal 
aortic aneurysm 151 as illustrated in FIGS. 1 and 2, 
Is in its configuration it would have for Intraluminal de- 
livery Into aorta 152 and aneurysm 151. Preferably, 
the f irst tube 160A, tubular n^ember 166A, and cath- 
eter 181 A are intraluminally delivered through a first 
femoral artery; and the second tube 160B, tubular 
member 166B, and catheter 181B are intraluminally 
delivered through a second femoral artery and in turn 
each pass through an iliac artery 153L, 153R, as il- 
lustrated In FIG. 2. In the configuration shown in 
FIGS. 1 and 2, the tubular members 166A, 1668 have 
their first unexpended, undefbrmed diameter D. in 
FIG. 5, tubular members 166A, 166B, have been ex- 
panded and deformed into their second, expanded 
and deformed diameter D*. Expansion and deforma- 
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tion of tubular mennbers 166A, 166B is controlled by 
the expansion of balloons 183 of catheters 181A, 
1 BIB in a conventionat manner. When apparatus 180 
is being intraluminally delivered, catheters 161A, 
1818, tubularmembers 166A, 166B, and tubes 160A, 5 
1 SOB are preferably enclosed by conventional cathet- 
er sheathes 186A, 1868 which are removed, as 
shown in RG. 1, as apparatus 180 Is disposed in its 
desired location within aorta 152. 

If tubular members 166A, 166B, are utOized in ro 
connection with a fabric type tube 160, as previously 
described, balloon 183 of catheter 181 may have a 
length which extends from slightly beyond the f iist 
end 167 of tubular member 166, and to a position 
slightly beyond the second end 168 of tubular mem- is 
ber 166. As illustrated in FIG. 5, if apparatus 180 in- 
cludes tubes 160 constructed in a manner as descri- 
bed in FIGS. 9, 10A, and 108, inflatable portion 182, 
or balloon 183 associated with each catheter 181 ex- 
tends along a portion of the length of each catheter 20 
a distance greaterthan the combined length tube 1 60 
and its associated tubular member 166, as illustrated 
in FIG. 5. Thus, upon expansion and inflation of each 
expandable and inflatable portion 182, or balloon 
1 83, associated with each catheter 181 . each tubular 25 
member 166A, 1668, is simultaneously expanded 
along with its connected tube 160A, 1608, including 
the plurality of tubular memt>ers 201 embedded with- 
in the layer 202 of plastic material of tubes 160A, 
1608 (FIGS. 9, 10A. 108). Deflation of balloons 183 30 
permits the withdrawal of catheters 181 and release 
of balloons 183 and catheters 181 from bypass graft 
1 50 after graft 1 50 has been disposed In the config- 
uration illustrated in FIG. 5. When tubes 160 are util- 
ized of the construction illustrated in FIGS. 9. 10A, 35 
108, as shown in FIG. 5, the resulting bilateral pas- 
sageway 191 formed in aorta 152 and aneurysm 151 
is believed to be substantially non-collapsible , be- 
cause of the presence of the plurality of tubularmem- 
bers 201 embedded within tubes 160A. 1608. 40 

When implanting a bypass graft 150 of the con- 
struction illustrated in FIG. 15, first; second, third, and 
fourth tubular members 166A, 1668, 166A*, 
1668' may be simultaneously expanded and de- 
formed into the expanded configuration Ulustrated in 4S 
FIG. 15, as by use of the catheters 182 illustrated in 
FIG. 5, along with hjbes 160A, 1608. 

As illustrated in FIGS. 1, 2, 5, and 6, tubularmem- 
bers 166A. 1668, are initially disposed within aorta 
1 52 substantially even and on the same level as each so 
other, at which time sheathes 186 are removed and 
balloons 1 83A, 1 838 are simultaneously expanded as 
illustrated in FIGS. 5 and 6, until tubular members 
166A, 1668 are in an abutting relationship with each 
other and against aorta 150. Upon final inflation and 55 
expansion of the balloons 183A, 1838 to force tubular 
members 166A, 166B into theirfinal configuration D- 
lustrated in FIGS. 11 and 12. the abutting portions 



210A,210B of tubular members 166A. 166B, are flat- 
tened against each other into the configuration 
shown in FIG. 12, whereby the Initially present gaps 
211 (FIG. 6) between adjacent tubular members 
166A, 1668, are dosed off and removed. 

FIGS. 13 and 14 illustrate bypass graft 150 after 
it has been implanted for a period of time, whereby the 
aneurysm 151 has thrombosed about tubes 160A, 
1 608 and into contact therswith, and bilateral passa- 
geways 191 A, 1918 are thus disposed within aneur- 
ysm 161. 

With reference to FIGS. 3 and 4, an alternative 
method for repairing an abdominal aortic aneurysm in 
an aorta 152 is illustrated. In this embodiment, bilat- 
eral intra-aordc bypass graft 150 includes a fifth ex- 
pandable and deformable tubular member 166C of 
the same construction of the first through fourth tub- 
ular members 166A, 1668, 166A', 166B' as previous- 
ly described. Prior to the intraluminal delivery of tub- 
ular members 166A, 166B, and tubes 160A, 1608 as 
previously described in connection with FIGS. 1, 2, 
and 5. the fifth tubular member 166C is Intraluminally 
delivered by a third catheter 181' and expanded from 
its first diameter D** to its second, expanded and de- 
formed diameter D'^ as illustrated in FIG. 4, to secure 
the fifth tubular member 166C within the aorta 152. 
After the fifth expandable tubular member 166C has 
been implanted within aorta 152, as shown In dotted 
lines In FIG. 1, the remaining elements of bypass graft 

150 are Implanted within aorta 152 and aneurysm 

1 51 as previously descrit>ed in connection with FIGS. 
1, 2, and 5. Upon expansion of first and second tub- 
ular members 166A, 166B, as previously described, 
those hjbular members 166A, 1668. will be In abutting 
relationship with each other, as illustrated in FIG. 12, 
and wOl also be secured within aorta 1 52, via their ex- 
pansion and deformation, into contact with fifth tub- 
ular member 166C which is secured in aorta 152. 

It Is believed that the use of fifth hjbular member 
1 66C will provide adequate anchorage for the tubular 
members 1 66A, 1 668 of bypass graft 1 50, and equal- 
ize forces exerted upon aorta 152 by the expansion 
of tubular mennbers 166A, 1668. Fifth tubular mem- 
ber 166C has a final expanded diameter D'* which is 
approximately twice the size of the expanded diam- 
eter D' of tubular members 1 66A, 1 668. Because fifth 
tubular memt>er 166C does not have a tube 160 at- 
tached thereto, its delivery system, or catheter 
1 8r a nd sheath 1 86* can be smaller, and they can be 
intraluminally deliveiBd without any of the previously 
described disadvantage as sociated with prior art 
aortic grafts, having a large diameter tube connected 
thereto. 

It is to be understood that the invention is not linv 
ited to the exact detafls of construction, operation, ex- 
act nnaterials or embodiments shown and described, 
as obvious modifications and equivalents will be ap- 
parent to one skilled in the art For example, the ex- 
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pandable, inflatable portions of the catheters could 
be a plurality of hydraulically actuated rigid members 
disposed on a catheteror a plurality of balloons could 
be utilized to expand the securing means. Additional- 
ly, the wall surfaces of the tubular members could be 
formed by a plurality of wires having a snnooth exter- 
ior surface. The tubes could also be used individually 
as grafts for other body passageways. Accordingly, 
the invention is therefore to be limited only by the 
scope of the appended claims. 



Claims 



3. The bilateral intra-aortic bypass graft of daim 1 
or 2, wherein each tubular menr^ber has a smooth 
outer wall surface disposed between its first and 
second ends, the wall surfaces having a substan- 

5 tially uniform thickness and a plurality of slots 
formed therein, the slots being disposed sub- 
stantially parallel to the longitudinal axes of the 
tubular members, a first end of a tube being se- 
cured to a second end of a tubular member. 

10 

4. The bilateral inb^-aortic bypass graft of any pre- 
ceding daim, wherein a bidogically inert coating 
is disposed on the tubes. 



1 . A bilateral Intra-aortic bypass graft for intralumi- is 
nal delivery to repair an abdominal aortic aneur- 
ysm in an aorta having two iliac arteries assod- 
ated therewith, comprising: 

a first tube having first and second ends 
and a wall surface disposed between the two 20 
ends, at least a portion of the first tube adapted 
to be disposed within the abdominal aortic 
aneurysm; 

a second tube having first and second 
ends and a wail-surface disposed between the 25 
two ends, at least a portion of the second tube 
adapted to be disposed within the abdominal 
aortic aneurysm; and 

means for securing the first ends of the 
first and second tubes to the aorta, the securing 30 
means induding first and second tubular mem- 
bers, each tubular member having first and sec- 
ond ends, the first tube being connected to the 
first tubular member and the second tube being 
connected to the second tubular member, the 35 
tubular members having a first diameter which 
permits intraluminal delivery of the tubular menv 
bers and tubes into the aorta and the tubular 
members having a second, expanded and de- 
formed diameter, with at least a portion of the 40 
first and second tubular members in an abutting 
relationship, upon the application from the inter- 
ior of the tubular members of a rad iaily, outwardly 
extending force, the second dianrteter being vari- 
able and dependent upon the amount offeree ap- 45 
plied to the tubular member, whereby the tubular 
members may be expanded and deformed to se- 
cure the first ends of the tubular members to the 
aorta and a bilateral passageway is formed with- 
in the abdominal aortic aneurysm. so 

2. The bilateral intra-aortic bypass graft of claim 1 . 
wherein at least a portion of the first and second 
tubes are in an abutting relationship with each 
other when thefirstand second tubtdar members 55 
have their second, expanded and deformed di- 
ameter. 



5. The bilateral intra-aortic bypass graft of any pre- 
ceding daim, wherein the hjbes are made of ntt- 
terial which is impervious to the flow of fluid. 

6. The bilateral intra-aortic bypass graft of any pre- 
ceding claim, wherein the tubes are made of a 
material which is bio-erodlble. 

7. The bilateral intra-aortic bypass graft of any pre- 
ceding daim. wherein a third expandable and de- 
fbrmable, tubular member Is connected to the 
second end of the first tube; a fourth expandable 
and deformable, tubular member is connected to 
the second end of the second tube; and the third 
and fourth tubular members are expanded and 
deformed to force the third and fourth tubular 
members radially outwardly into contact with an 
iliac artery. 

8. The bilateral intra-aortic bypass graft of any pre- 
ceding daim. wherein each tube is formed of a 
plurality of expandable and deformable, tubular 
members, each tubular member having a longthj- 
dinal axis, the plurality of tubular members being 
aligned with their longitudinal axes being sub- 
stantially parallel with each other, each tubular 
member being detached, and spaced apart, from 
adjacent tubular members; and the plurality of 
hibular members are embedded within a layer of 
a deformable and expandable plastic material. 

9. The bQateral IntFa-aortic bypass graft of daim 8 , 
wherein ttie plastic material Is silicone. 

10. The bilateral intra-aortic bypass graft of daim 8 , 
wherein the plastic material is pdytetrafluoro* 
ethylene. 

11. The bilateral intra-aortic bypass graft of daim 
10 , wherein the plastic material is expanded 
polytetrafluoroethyiene. 

1Z The bilateral intra-aortic bypass graft of daim 8 , 
wherein the plastic material is expanded pdyur- 
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ethane. 

13. The bilateral intra-aortic bypass graft of claim 8 , 
wherein the first and second tubular ntembers 
are connected to the first and second tubes by 
embedding a portion of the second ends of the 
first and second tubular members in the deform- 
able and expandable plastic material of the tube 
to which it is to be connected. 

14. The bilateral Intra-aortic bypass graft of claim 1 , 
including a fifth expandable and deformable tub- 
ular member, wherein: 

(a) afterthe fifth expandable and deformable, 
tubular member has been intraluminally deliv- 
ered and expanded and deformed to force the 
fifth tubular member radially outwardly into 
contact with the aorta to secure the fifth tub- 
ular member within the aorta; and 

(b) afterthe expansion and defbrn^tlon of the 
first and second tubular members, the first 
and second tubular members are disposed 
within thef if th expandable tubular member in 
an abutting relationship with each other and 
with the fifth expandable tubular member, 
whereby the first and second tubular mem- 
bers may t>e secured within the aorta and 
within the fifth tubular menit>er. 

1 5. The bilateral intra-aortic bypass graft of claim 14, 
wherein each tube is formed of a plurality of ex- 
pandable and deformable tubular members, each 
tubular member having a longitudinal axis with 
the plurality of tubular members being aligned 
with their longitudinal axes being substantially 
parallel with each other; each tubular member 
being spaced apart from adjacent tubular mem- 
bers with a single, flexible connector member be- 
ing disposed tmtween adjacent tubular members; 
and the plurality of tubular members are embed- 
ded within a layer of a deformable and expand- 
able plastic material. 

16. The bilateral intra-aortic bypass graft of claim 15, 
wherein the plastic material is silicone. 

1 7. The bilateral Intra-aortic bypass graft of claim 1 5, 
wherein the plastic material is polytetrafluoro- 
ethylene. 

1 B. The bilateral intra-aortic bypass graft of claim 1 7, 
wherein the plastic material is expanded pdyte- 
trafluoroethylene. 

19. The bilateral intra-aortic bypass graft of claim 15, 
wherein the plastic material is expanded polyur- 
ethane. 



20. The bOateral Intra-aortic bypass graft of claim 1 5, 
wherein the first and second tubular members 
are connected to the first and second tubes by 
embedding a portion of the second ends of the 

5 first and second tubular members in the defornv 
able and expandable plastic material of the tube 
to which it is to be connected. 

21. An apparatus for repairing an abdominal aortic 
10 aneurysm in an aorta having two Iliac arteries as- 
sociated therewith, comprising: 

(a) first and second tubes, each tube having 
first and second ends and a wall surface dis- 
posed between the two ends; 

15 (b) first and second expandable and defornv 

able tubular members, each expandable and 
deformable tubular member, having first and 
second ends and a smooth outer wall surface 
disposed between the first and second ends, 

20 the first end of a tube being secured to a sec- 

ond end of a tubular member, the expansion 
and deformation of the tubular members be- 
ing controllable; and 

(c) two catheters, each catheter having an ex- 
25 pandable, inflatable portion associated ther^ 

with, the tubular embers being releasably 
mounted upon the inflatable portions of each 
catheter, whereby upon Inflation of the ex- 
pandable, inflatable portion of each catheter, 
so the tubular members are forced radially out- 

wardly into contact with the aorta and each 
other to remain secured thereto, whereby the 
tubes, secured to the tubular members, pro- 
vide a bilateral passageway through the at>- 
35 dominal aortic aneurysm. 

22. The apparatus of claim 21, wherein each tube is 
formed of a plurality of expandable and deform- 
able, tubular members, each tubular member 

40 having a longitudinal axis, the plurality of tubular 
members being aligned with their longitudinal 
axes being substantially parallel with each other, 
each tubular member being detached, and 
spaced apart, from adjacent tubular members; 

45 and the plurality of tubular members are embed- 
ded within a layer of a deformable and expand- 
able plastic material. 

23. The apparatus of claim 22, wherein the expand- 
50 able. Inflatable portion of each catheter extends 

along a portion of the length of each catheterfor 
a distance greater than the combined length of 
each tube and tubular member, whereby upon ex- 
pansion and inflation of each expandable, inflat- 
55 able portion of each catheter, each tubular menv 
ber and Its connected tube are simultaneously ex- 
panded. 

11 
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24. The apparatus of daim 21, wherein each tube is 
formed of a plurality of expandable and deforin- 
able tubular members, each tubular member hav- 
ing a longitudinal axis with the plurality of tubular 
members being aligned with their longitudinal 
axes being substantially parallel with each other; 
each tubular member being spaced apart from 
adjacent tubular members with a single, flexible 
connector member being disposed between ad- 
jacent tubular members; and the plurality of tub- 
ular members are embedded within a layer of a 
deformable and expandable plastic material. 

25. The apparatus of daim 24 , wherein the expand- 
able, inflatable portion of each catheter extends 
along a portion of the length of each catheter for 
a distance greater than the combined length of 
each tube and tubular member, whereby upon ex- 
pansion and inflation of each expandable, inflat- 
able portion of each catheter, each tubular mem- 
ber and its connected tube are simultaneously ex- 
panded. 

26. A graft for intraluminal delivery into a body pas- 
sageway comprising: 

an elongate tube having first and second 
ends and formed of a plurality of expandable and 
deformable first tubular members, each tubular 
member having a longitudinal axis, the plurality of 
tubular memt>ers being aligned with their longitu- 
dinal axes being substantiatly parallel with each 
other, each tubular member being detached and 
spaced apart form adjacent tubular members, 
and the plurality of tubular members being em- 
bedded within a layer of a deformable and ex- 
pandable plastic material; and 

means for securing the first end of the 
tube within a body passageway, the securing 
means being a second expandable and deform- 
able tubular member having first and second 
ends, the first end of the tuba being connected to 
the second end of the second tubular member, 
the second tubular member having a first diame- 
ter which permits intraluminal delivery of the tub- 
ular member and tube into the body passageway 
and the tubular member having a second, ex- 
panded and deformed diameter, upon the appli- 
cation from the interior of the tubular mernber of 
a radially, outwardly extending force, the second 
diameter being variable and dependent upon the 
anKHjnt of force applied to the tubular member, 
whereby the tubular member may be expanded 
and deformed to secure the first end of the tub- 
ular menil>er within the body passageway. 

27. The graft of daim 26, wherein the second tubular 
member is connected to the tube by embedding 
a portion of the second end of the second tubular 



member in the deformable and expandable plas- 
tic material of the tube to which it Is conneded. 

2a. The graft of claim 26, wherein the plastic material 
5 is sQioone. 

29. The graft of daim 26, wherein the plastic material 
is polytetrafluoraethylene. 

10 30. The graft of daim 26 , wherein the plastic mate- 
rial is expanded polytetrafluoroethylene. 

31. The graft of daim 26, wherein the plastic material 
is expanded polyurethane. 

15 

32. The graft of daim 26 , wherein a single flexible 
connector member is disposed between the ad- 
jacent tubular members of the plurality of first tul>- 
ular members v^ich fdrm the tube. 
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